In almost all cancers, most patients die from metastatic disease and not from the actual primary tumor. That is why addressing the problem of metastasis is of utmost importance for the successful treatment and improved survival of cancer patients. Metastasis is a complex process that ultimately leads to cancer cells spreading from the tumor to distant sites of the body. During this process, cancer cells tend to lose contact with the extracellular matrix (ECM) and neighboring cells within the primary tumor, and are thus able to invade surrounding tissues. Hence, ECM and the ECM-associated adhesion proteins play a critical role in the metastatic process. This review will focus on recent literature regarding interesting and novel molecules at the cell-ECM adhesion sites, namely migfilin, mitogen-inducible gene-2 (Mig-2) and Ras suppressor-1 (RSU-1), that are also critically involved in cancer cell metastasis, emphasizing on data from experiments performed in vitro in breast cancer and hepatocellular carcinoma cell lines as well as human breast cancer tissue samples.
and not from complications related to the original primary tumor. That is why addressing the problem of metastasis is of utmost importance for the successful treatment and improved survival of cancer patients. Metastasis is a complex process that ultimately leads to cancer cell spreading through tissues in the whole body. During the metastatic process, as cancer cells accumulate mutations or other molecular signals, they become more malignant and tend to easily lose contact with the extracellular matrix (ECM) and neighboring cells within the primary tumor. Hence, they start to invade surrounding tissues. Both cell-cell adhesion and cell-ECM adhesions get deregulated promoting cancer cell aggressiveness [3] .
In fact, communication between cells and the ECM, and between neighboring cells is severely disrupted in more aggressive and invasive cells [4] [5] [6] . Hence, ECM, integrins and the ECM-associated adhesion proteins play a critical role in this process [4] .
This review will focus on interesting and novel molecules at the cell-ECM adhesion sites that are also critically involved in cancer cell metastasis, based on data from experiments performed in vitro in BC and HCC cancer cell lines as well as human BC tissue samples. A diagrammatic representation of the interactions analyzed in this review is shown in 
The role of migfilin in cancer cell metastasis
Several novel molecules at cell-ECM adhesion sites have been implicated in cancer cell progression and have been recently shown to be deregulated in cancer cell metastasis.
Migfilin, (also known as filamin-binding LIM protein 1 or FBLP-1), is a novel LIM domain-containing protein present both at cell-ECM [7] and cell-cell adhesions [8] .
It interacts with the cell-ECM adhesion protein mitogen-inducible gene 2 (Mig-2) [7] and it also binds to vasodilator-stimulated phosphoprotein (VASP) [9] which is known to regulate actin polymerization in lamellipodia [10] [11] [12] , the cellular protrusions responsible for migration and invasion of the cell. Migfilin has been associated with various types of cancer although its role has not been extensively studied. Cytoplasmic migfilin was strongly associated with higher tumor grade in leiomyosarcomas [13] and inversely correlated with clinical metastasis in esophageal cancer cells [14] . Moreover, high migfilin expression was significantly correlated with tumor grade in glioma and poor prognosis [15] . Finally, work from our group has shown that migfilin was also significantly reduced in human BC samples compared to normal adjacent tissue [16] , indicating an involvement of the protein in cancer progression. Along the same line, migfilin was also examined in advanced-stage serous ovarian carcinoma [17] and was found to have significantly lower expression in primary carcinomas and solid metastases compared to effusions [17] . However, although as mentioned above, recent studies have shown that migfilin's expression is negatively correlated with clinical metastasis in esophageal cancer [14] , we found no statistically correlation between migfilin's expression and metastatic status or disease stage in human BC samples [16] . As metastasis is a fundamental biological behavior of HCC and the main cause of treatment failure [2] , we also tested the in vitro role of migfilin in two liver cell lines that differ in terms of their metastatic potential; the non-invasive hepatoma cell line PLC/ PRF/5 (Alexander cells herein) and the highly invasive HCC HepG2 cell line [18] . Using an siRNA-mediated silencing approach to knock-down the migfilin gene from both cell lines, we studied the effect of gene silencing on basic signaling pathways and functional cellular properties related to the metastatic potential of the cells. We found that migfilin was elevated in the more invasive HepG2 cells compared to the less invasive Alexander cells both at the mRNA and protein level, indicating a possible contribution of the protein to the aggressive phenotype of HepG2 cells [18] . Moreover, gene silencing of migfilin led to upregulation of proteins involved in actin reorganization such as the two main forms of phosphorylated VASP (Ser157 and Ser239) in HepG2 cells, and Fascin-1 and Rho kinase (ROCK-1) in both cell lines. Increased expression of these molecules led to increased actin polymerization and stabilization, which thus resulted in less available monomeric actin for cell migration or invasion ultimately contributing to reduced cell migration [19, 20] . Indeed, migfilin depletion led to reduced cell invasion, indicating that migfilin promotes the metastatic phenotype of HepG2 cells [18] . In fact, this is in accordance with previous studies showing migfilin to be crucial for cell migration in a variety of cell types (HeLa, HT-1080, and MDA-MB-231 cells), where it was shown that its depletion impairs cell migration [9] . As migfilin has been previously shown to link the cell-matrix adhesions to the actin cytoskeleton [7] , the migratory defect induced by the loss of migfilin is probably caused, at least in part, by the im-doi: 10.18282/amor.v1.i1.6
paired connection between cell-ECM adhesions and the actin cytoskeleton. A diagrammatic representation of the interactions mentioned above is shown in Figure 1 . Notably, the fact that elimination of migfilin severely impaired HepG2 cell invasion, while at the same time increasing cell proliferation, both through elevation of ERK1/2 and phosphor-β-catenin [18] , indicates that migfilin has a dual function in HCC cells activating different signaling pathways perhaps through interaction with different binding partners. This could provide an explanation as to why its role in cancer is not strictly defined but greatly depends upon the type of cancer [14, 16, 17, 21] . Nevertheless, evidence suggests that migfilin is worth being assessed as a therapeutic target for cancer cell metastasis for a number of cancer types.
Mitogen-inducible gene-2 (Mig-2) in cancer cell metastasis
Mitogen inducible gene-2 (Mig-2) is a cell-ECM adhesion protein localized at cell-ECM adhesion sites [22] , and through its binding partner, migfilin [23] , interacts with filamin A, thus connecting cell-ECM adhesions to the actin cytoskeleton ( Figure 1 ) [7] . Recent studies have implicated Mig-2 along with migfilin in a variety of human cancers. Mig-2 expression was found increased in leiomyomas compared with normal myometrium while it was decreased in leiomyosarcomas [24] . It was also upregulated in gastric cancer and its expression had a significant positive correlation with metastasis and poor survival [25] . Mig-2 was also shown to be highly expressed in 90% of malignant mesothelioma tumors [26] as well as in almost 100% of human bladder cancers [27] and in the majority of chondrosarcomas [28] . In fact, it has been postulated that Mig-2 could function as a promising marker of tumor progression [25, 28] . Finally, Mig-2 deregulation [29] could contribute to BC malignancy and progression. Previous work from our research group [16] has actually shown that Mig-2 expression was significantly reduced in human BC tissues compared to normal adjacent tissue indicating that BC has lost Mig-2 expression and thereby has less invasion inhibitory mechanisms in action, as Mig-2 has been implicated in inhibition of cell invasion [30] .
Ras suppressor-1 (RSU-1) in metastasis
Mig-2 has been also shown in C. elegans to interact with integrin-linked kinase (ILK) [31] thus being connected to particularly interesting new cysteine-histidine rich protein-1 (PINCH-1) and parvin, forming a stable ternary protein complex at cell-ECM adhesion sites [32] . Although many studies have been performed on the role of ILK in cancer, even proposing that it is a potential anti-cancer therapeutic target [33, 34] , little is known with regard to the ILK-interacting partners. PINCH-1 in particular, functions as an adaptor protein at the cell-ECM adhesion sites playing an important role in promoting cell survival and apoptosis resistance [35] , while also modulating cell shape and spreading [36] . Interestingly, PINCH-1 interacts with Ras suppressor-1 (RSU-1) at the cell-ECM adhesion sites [37, 38] , increasing the sites' complexity. RSU-1 was originally identified as a suppressor of Ras-dependent oncogenic transformation [39] . Although, its connection to cancer is obvious due to its linkage with Ras oncogene, little is known regarding its involvement in the disease. It has been shown that RSU-1 is involved in the inhibition of anchorage independent growth of BC cells [40, 41] . Moreover, in a recent study by our group it was shown that RSU-1 is upregulated in HepG2 highly invasive HCC cells compared to the more benign, non-invasive Alexander hepatoma cells, which indicates a possible involvement of RSU-1 in HCC pathogenesis [42] . Moreover, siRNA-mediated gene silencing of RSU-1 expression in both HCC cell lines resulted in increased proliferation, reduced cell adhesion and cell invasion in the aggressive HepG2 cells [42] , suggesting that RSU-1 enhances adhesion and invasion in the aggressive HepG2 cells. Interestingly, in another recent study by our group, RSU-1 was investigated in BC cell lines that differ in terms of their metastatic potential (namely, non-invasive MCF-7 cells and highly invasive MDA-MB-231 cells) as well as in a set of thirty two [32] human BC samples from patients with or without lymph node metastasis [43] . In this study, the findings from the experiments performed in the cell lines were further supported by the findings in the human samples validating the hypothesis that RSU-1 plays a vital role in BC metastasis. More specifically, RSU-1 was found to be upregulated in the more aggressive MDA-MB-231 cells when compared to the less transformed MCF-7 cells, connecting RSU-1 with a more aggressive BC phenotype. Furthermore, it was shown that depletion of RSU-1 leads to upregulation of its binding partner PINCH-1, indicating that RSU-1 likely acts as a negative regulator of pro-survival ECM-adhesion protein PINCH-1. This was also in accordance with the fact that silencing of RSU-1 enhanced cell proliferation, which is not surprising, as RSU-1 was originally characterized as a suppressor of Ras-dependent oncogenic transformation [39] . Interestingly, RSU-1 depletion significantly reduced the population of apop-doi: 10.18282/amor.v1.i1. 6 totic cells indicating that RSU-1 actually promotes apoptosis. Consistent with this change, RSU-1 depletion, from both cell lines, also led to downregulation of the mRNA expression of the pro-apoptotic gene p53 upregulated modulator of apoptosis (PUMA). More importantly, the findings in the two BC cell lines were further validated in 32 human BC samples from patients with invasive BC with or without lymph node metastasis and each sample was accompanied by and compared to its corresponding normal adjacent tissue, eliminating any external factors and variations that might interfere with the results. Interestingly, the data showed that RSU-1 mRNA expression was significantly increased in BC tissues when compared to normal adjacent tissue. Moreover, RSU-1 expression was significantly reduced in non-metastatic samples and significantly elevated in metastatic samples, clearly stating a different role of RSU-1 depending on the aggressiveness of the tumor, that could potentially lead to the use of RSU-1 as a novel biomarker of metastasis [43] . In accordance with the cell line data that suggested RSU-1 to be a negative regulator of PINCH-1, PINCH-1 expression showed dramatic reduction in BC samples both at the mRNA and protein level with statistically significant reduction in metastatic samples, in which RSU-1 was found to be elevated. Moreover, the assessment of the pro-apoptotic PUMA expression also confirmed findings in the cell lines showing an increase of PUMA expression in BC and metastatic samples in particular and a positive statistically significant correlation with RSU-1 expression in the same samples [43] . Therefore, RSU-1 should definitely be evaluated further as a potential metastasis biomarker in BC tissue samples. Moreover, new therapeutic approaches that reinforce apoptosis through PUMA should also be assessed in comparison to current available therapies in patients with BC metastasis.
Cell adhesion and endothelial cell growth in metastasis
Moreover, deregulation of focal adhesion proteins combined with an imbalance between pro-and anti-angiogenic signaling in cells [44] also affects tumor vasculature, which is another critical factor in tumor growth and metastasis. More specifically, the endothelial cell lining in tumor vessels consists of less junction proteins when compared to the endothelial cell lining in normal vessels leaving large numbers of fenestrae and intercellular openings, being accompanied, at the same time by a disorganized ECM and basement membrane [45] .
As a result, tumor vessels become "leaky" facilitating the spreading of circulating tumor cells throughout the whole body. To this regard, pro-angiogenic factors (e.g. vascular endothelial growth factor, VEGF, platelet derived growth factor, PDGF) and their receptors are upregulated in most tumors while focal adhesion proteins are mainly downregulated resulting in loose cell-ECM connections and the formation of immature vessels with structural abnormalities. Interestingly, there has been no connection between either of the molecules under review (namely, Mig-2, migfilin, or RSU-1) and tumor angiogenesis, leaving the field open for future investigations.
Conclusion
In the current review, we have summarized the recent data on novel and interesting proteins found at the cell-ECM adhesion sites of cells, namely migfilin, Mig-2 and RSU-1, and their involvement in cancer cell metastasis emphasizing on results from BC and HCC studies.
We conclude that these cell-ECM adhesion proteins tend to function as adaptor proteins forming multiple protein-protein interactions at the cell-ECM adhesion sites, thus conferring different effects on different cancer cell types. However, in most cases, and as shown in Figure 1 , they promote cell adhesion, cell invasion and apoptosis, all of which are important aspects of cancer cell metastasis. Therefore, more research is needed involving more human samples in order to evaluate their use as potential biomarkers of metastasis and perhaps, even potential targets for anticancer therapy.
